Abstract Harvesting, consumption and trade of forest meat are key causes of biodiversity loss. Successful mitigation programs are proving difficult to design, in part because anthropogenic pressures are treated as internationally uniform. Despite illegal hunting being a key conservation issue in the Pacific Islands, there is a paucity of research. Here, we examine the dynamics of hunting of birds and determine how these contribute to biodiversity loss on the islands of Samoa. We focus on the interactive effects of hunting on two key seed dispersing bird species: the Pacific pigeon (Ducula pacifica) and the critically endangered Manumea or tooth-billed pigeon (Didunculus strigiristris). We interviewed hunters, vendors and consumers and analyzed household consumption. Results suggest that over 22,000 pigeons were consumed per year and this is by primarily the richest people across the country. Indeed, the wealthiest 10% of households consumed 43% of all wild pigeon meat, and the wealthiest 40% of households consumed 80% of all pigeons. The Manumea was shot by 33% (n = 30) of the surveyed hunters while pursuing the Pacific pigeon. Results raise serious conservation concerns, as pigeon hunting is likely to be a key factor contributing to the decline of the Manumea and critical forest seed dispersers in general. Our results show that wild meat consumption can lead to non-targeted pressure on bycatch species. Wild meat harvesting and consumption is a key issue leading to species declines and extinctions in the tropics. It is critical that this issue receives the appropriate attention and is addressed in the Pacific if species and forests are to be maintained.
Introduction
Hunting and harvesting of wildlife is a key threat to biodiversity (Bodmer et al. 1997; Bennett et al. 2002; McCauley et al. 2015) . Such harvesting can be legal or illegal and for the purpose of food, stature, traditional medicine among others (Phelps et al. 2016; Cooney et al. 2016) . Mitigating threats from hunting pressure requires a clear understanding of the motivations of consumption and of the supply chain, the mechanism(s) by which the meat from hunting is moved from the site of capture to the consumer's table (Duffy et al. 2016) . It has been argued that hunting is motivated by the basic need for food to sustain livelihoods with limited options and income, particularly for low-income communities Fa et al. 2003; De Merode et al. 2004; Kümpel et al. 2010) . However, recent research has suggested that forest wildlife hunting is not always driven by a dependence on hunting as a protein source (Bassett 2005; Fa et al. 2009 ). Instead in many cases, it is a form of elite or conspicuous consumption for special events or by the wealthy in a community (Milner-Gulland and Bennett 2003; Mace et al. 2008) .
Indeed, there is evidence of more nuanced interactions between hunting, consumption, and threats to wildlife occurring (see van Vliet and Mbazza 2011) . For example, lowincome individuals may be provided with cash incentives to hunt species sought after for consumption by the wealthy elite. For example, in some African countries poachers have been paid a relatively high price compared to the local incomes to poach species, such as rhino and elephants, by East Asian consumers with relatively high expendable incomes (Challender and Macmillan 2014) .
Although elite consumption of bushmeat and high value products like rhino horn have been established in Africa, the pressures of elite consumption on other smaller taxa has not been explored. The negative impacts of hunting and the commercial bushmeat trade are well documented in many regions in the world, such as Equatorial Africa (Fa et al. 2003; De Merode et al. 2004; Effiom et al. 2013) , the Amazon (Bodmer et al. 1997; Peres et al. 2016) and Southeast Asia (Corlett 2007; Steinmetz et al. 2014; Harrison et al. 2016) . However, there is little published literature on this issue from the Pacific Islands (Craig et al. 1994; Watling 2004; Walker 2007; Szabo et al. 2012; IUCN 2015) . This is despite illegal hunting pressure being known to be having a negative impact, which is linked to both the decline and extinction of numerous species in the area (Craig et al. 1994; Watling 2004; Walker 2007; Szabo et al. 2012; IUCN 2015) . This lack of information obscures the creation of effective consumer-centered interventions. There is a clear need for empirical studies in the region so appropriate methodologies can be developed.
This study focuses on the hunting and consumption of illegally sourced wild bird species, with a focus commonly hunted on wild native pigeon species in the Pacific Islands of Samoa, and assesses the impacts of elite consumption on the supply chain. The objectives of the present study were, to determine: (1) the relationship between consumer income and illegal wild bird meat consumption, (2) the drivers of consumption and hunting, (3) the mechanism and pathway of the supply chain and, (4) the impact of hunting pressure on non-target species. We explored the implications of these results for current conservation interventions tackling illegal trade and detail how our research informs future consumer centered conservation actions.
Samoa has 82 species, of which 10 are endemic, 5 have been introduced by humans and 23 are rare or accidental, of these species historically pigeon were the main bird species hunted and consumed. For instance, surveys in 2006 by the Samoan government showed that half of the 221 people surveyed had eaten pigeon since the ban was implemented (MNRE 2006) .
Samoa has six species of native pigeon: the white-throated pigeon (Columba vitiensis), friendly ground dove (Alopecoenas stairi), many coloured fruit dove (Ptilinopus perousii), crimson-crowned fruit dove (Ptilinopus porphyraceus), the Lupe or Pacific pigeon (Ducula pacifica), and the Manumea or tooth-billed pigeon (Didunculus strigirostris) and one introducted species the rock pigeon (Columba livia).
Of these, only the Manumea is endemic to Samoa. It is currently listed as Critically Endangered on the IUCN red list (2015) . The Pacific pigeon, locally known as the Lupe, is currently listed as Least Concern by the IUCN red list (2012); however this species is in decline in many places in the Pacific (Park et al. 1992; Powlesland et al. 2008; IUCN 2012 ). Pacific Island pigeons are known to be affected by hunting with no other non-wild source of meat being available (Merlin and Juvik 1985; Walker 2007; Collar 2015) . The loss or significant decline of pigeons, in particular, is likely to have significant consequences for ecosystem services, such as the dispersal of the large-bodied seeds and the consequent regeneration of native forests (McConkey and Drake 2006; Brodie et al. 2009 ).
Current estimates suggest less than 250 Manumea remain in the wild (Collar 2015) . Hunting, habitat losses due to cyclones and deforestation as well as invasive predator impacts are thought to be the primary reasons for the decline of the Manumea (Collar 2015) . However, there continue to be many gaps in our knowledge of this rare species (Collar 2015) . For instance, little is currently known about the species breeding biology (Collar 2015) . However, a slow life-history strategy is likely given that the species is tropical, and reports suggest a clutch size of 1-2 (Stirnemann et al. 2016); Collar 2015) . The Manumea has also been recorded as roosting in low trees and bushes at night which may have resulted in higher predation rates from cats (Pritchard 1866) . A slow life-history strategy would increase the impact of mortality due to hunting or invasive species on recovery and probably explain why the Manumea and Lupe have declined at different rates (Stirnemann et al. 2016) .
Pacific pigeons and Manumea have long been hunted in Samoa (and in neighbouring Tonga and American Samoa) with elaborate traps on stone platforms called tia seulupe or star mounds (Burley 1996; Collar 2015) , Pritchard 1866). The sport of pigeon hunting was firmly associated with the chiefly elite (Burley 1996) .Village chiefs with high status competed to catch the most Pacific pigeons, using a tame bird as a decoy and a longhandled net to sweep up attracted individuals (Herdrich 1991; Burley 1996; Collar 2015) . These records suggest Pacific pigeons were once very abundant. Manumea were also hunted and possibly preferred over the other columbids (Collar 2015) . The methodology of pigeon hunting in Samoa altered with the arrival of guns. Between 1978 and 1979 , Collar (2015 reported that Manumea were 'hunted throughout the year' and that 'one local hunter estimated that one of every 10 or 12 pigeons shot belonged to this species'. In 1985
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Beichle and Maelzer estimated that 400 Manumea were hunted every year. In 1993, a ban on pigeon hunting under the protection of wildlife regulation was drafted and implemented (MNRE 1998) . However, surveys in 2006 by the Samoan government showed that half of the 221 people surveyed had eaten pigeon since the ban was implemented (MNRE 2006) .
Methods

Study area
The Samoan archipelago (13°-15° S, 168°-173° W) is located in the south Pacific, northeast of the Fiji archipelago. It is politically divided into Samoa and American Samoa. Samoa consists of two main islands: Upolu (1110 km 2 area; maximum elevation 1100 m) and Savai'i (1820 km 2 ; maximum elevation 1860 m) (Ward and Ashcroft 1998) . The main wet season is from November to April, but there is high rainfall at high elevation (+ 600 m) all year (approx. 600-800 cm of rainfall annually) (Ward and Ashcroft 1998 ). Samoa's holds a human population of approximately 190,000. The majority of land in Samoa is customary land managed by family in villages (Ward and Ashcroft 1998) .
Prior to human arrival, both major islands were covered with rainforest at lower elevations and cloud forest at higher elevations, with small areas of recent lava flows (Whistler 1980) . Currently, little pristine lowland forest remains in Samoa, and the majority of what is present has been logged (Whistler 1980) . In addition to human-driven forest loss, cyclones have also had a severe impact on Samoa's forests, altering structure and resulting in high tree mortality (Elmqvist et al. 1994 ).
Data collection
Socioeconomic household survey
In 2013 and 2014, the Samoa Statistics Bureau conducted a Household Income and Expenditure Survey (hereby Socioeconomic household survey) in 2348 households across Samoa (HIES 2016). Permission was given by the Statistical Department of Samoa to utilize the Socioeconomic household survey data in our study. Ethics guidelines were followed and approval obtained from Australian National University: Ethics number 7759 in order to undertake hunter surveys. This survey provided a statistically robust dataset on food and non-food consumption expenditure over a 12-month period and included details of local food, including wild birds, fish and bats consumed. The Socioeconomic household survey was conducted in four regions: (1) the Apia urban area, (2) northwest Upolu, (3) the rest of Upolu and (4) the Island of Savai'i. Between 8 and 9% of houses in each of the four regions were sampled, and each household was required to keep a detailed daily diary of food consumed and other items purchased over four 2-week periods (April and October 2013 and March and April 2014). Interviews also captured recalled information on other non-regular expenditure. Diary information was categorized in broad categories (e.g., pigeons, bats and chicken).
We examined data collected on the consumption of one item listed in the Classification of Individual Consumption According to Purpose expenditure category codes as 11201701 fresh, chilled or frozen meat from wild pigeon. No other wild birds were recorded as either caught and consumed by the household or purchased from someone else. Some wild pigeons may also have been gifted.
The HIES dataset was also used to calculate the total weekly expenditure per household in each region. Weekly expenditure was used as an indicator of household wealth. This metric was converted to deciles where the first decile referred to the 10% of households in each region that had the lowest per capita total weekly expenditure and the tenth decile referred to the 10% of households with the highest levels of total weekly per capita expenditure.
To compare the costs of different meat options (i.e., wild and farmed animal products), we also surveyed a haphazard selection of supermarkets and shops selling meat to determine the cost of purchasing different types of meat. The estimated unit value of wild birds (e.g., pigeons) consumed was recorded in the diaries; this value was based either on the household's estimate of the value of each bird or on the actual price paid if purchased. We used the data recorded in the diaries to calculate the number of wild birds consumed. Consumption of wild birds was analysed in relation to the capita total weekly expenditure.
Hunter interviews
To obtain information on hunting activities and the consumption of wild birds, we conducted face-to-face interviews (hereby hunter interviews) using a standardized questionnaire with both multiple choice and open-ended questions (Appendix). In total, 40 people [30 hunters (age of hunters interviewed range 39-63, mean 50.5 years), and 10 non-hunting consumers] were interviewed across Samoa in both the islands of Savai'i and Upolu. We undertook interviews of the hunters known to the rest of the village and they often helped us identify other hunters. Interviews took place over a period of 17 months between January 2015 and July 2016. Interviews were conducted in a language the interviewees were comfortable with, either Samoan or English. All four assistants received training in social research methods prior to data collection (i.e., how to question the interviewee without giving leading questions and how to fill out the form). Consumers were informally interviewed to gain an understanding of the food chain and market mechanisms. Ethics guidelines for hunter interviews were followed and approval obtained from Australian National University: Ethics number 7759.
We categories hunters as either: (1) subsistence hunters, who hunt for family consumption and (2) commercial hunters who hunt for an income. However, there was so much cross over between categories we ultimately grouped them into a single category. An additional hunting group was identified during informal interviews as sport hunters. Further insights into this group of hunters would be useful in future studies. We defined retailers as individuals who purchased meat and on sold to someone else.
We recorded information on the interviewee demographics, target bird species (e.g., pigeon species), hunting activities (i.e., hunting frequency), location of favored hunting areas and general meat preferences. We also asked people to rank pigeon meat in comparison to other local meat/fish available. During the interview, we established if the interviewee could identify different pigeon species. The motivation of this question was to determine what species were deliberately targeted.
Results
Pigeons were the only wild bird species recorded being consumed in Samoa (HIES data). Results from the HIES data indicate approximately 22,000-33,000 pigeons are consumed each year. Indeed, all hunters (100%) surveyed could be defined as hunting for both sustenance and commercial purposes. However, informal interviews demonstrated there was a second smaller group of hunters, sport hunters. This group of hunters is made up of wealthier business owners who hunt as a hobby and for personal consumption. These hunters did not take part in the formal interviews.
Our results from the hunter surveys indicate that two species of pigeon are hunted and consumed within Samoa-the Lupe and Manumea. However, hunters tended to target the Pacific pigeon. For example, in most cases when the Manumea (n = 30) was shot, the Pacific pigeon was the target species. All (100%; n = 30) of the hunters and all the consumers who were not hunters (n = 10) stated the meat of the Manumea was not very appetizing and therefore not targeted. However, despite this, thirty percent (n = 30) of hunters reported they had accidentally shot at least one Manumea during their hunting career (range 19-43 years, mean 30.5 years, std dev 8.2),with 27% (n = 30) of the surveyed hunters having accidentally shot multiple individuals. Accidental shooting of Manumea was most commonly reported as occurring over 3 years ago, but was also reported to have occurred twice in 2016. On average, hunters who sold over 90% of the meat made 4-5 hunting trips per week unless limited by bullet availability (n = 12). These hunters reported an average of 10-15 pigeons were shot per hunting trip.
We can calculate the number of shooting days as the number of pigeons consumed divided by the number shot per day. Assuming 22,000 pigeons are hunted and given that the surveys revealed that 10-15 pigeons were shot per day, this calculation would estimate 1466-2200 pigeon shooting days occur per year. Given the average of 4-5 hunting trips per week over a seasonal 7 month period, it is estimated that approximately 73-114 hunters would be actively shooting pigeons for consumption in Samoa. The total expenditure on pigeon meat is estimated from the HIES data at USD 129,181 (1 USD = 2.56087 WST) annually.
Extent of pigeon hunting
Of the 30 interviewed hunters, 93% stated that pigeons were considered to be a seasonal resource (hereby referred to as seasonal hunters), with October to December and June to December being recorded as the most commonly listed months for hunting. The other 7% of non-seasonal hunters hunted pigeons throughout the year. The main reasons given for seasonal hunting was the fruiting of food trees preferred by pigeons, such as Ma'ali (Canariun samoense) between October and December, and Moso'oi (Cananga odorata) between June and December. Seasonal hunters stated that hunting during these time periods "made the pigeons fatty and more tasty". However, the availability of pigeons for special Samoan festival dates, such as the White Sunday feast in early October, the special day for children in Samoa, was also important for consumers as pigeons were traditionally eaten during these times of the year. Non-seasonal hunters collected Pacific pigeons for any special occasion, such as when guests came to the village or as gifts. Pigeon meat was gifted to people by 60% (n = 23) of the hunters surveyed. These hunters stated that they had gifted to people within the community, such as "pastors", "church leaders", "high chiefs" and "older family members". Pigeon meat was considered to be a valuable gift due to the flavor and high market price. When compared to other meat types (fish, beef, chicken, lamb) pigeon meat was consistently ranked the highest, in terms of taste by all surveyed people who had tried pigeon meat (100%, n = 18).
Our study also investigated where wild meat consumption occurred. We found consumption occurred across the country in both regional areas in Savai'i and Upolu and the main City of Apia (Fig. 1) . However, the majority of consumption is occurred away from the central City of Apia and in the northwest area of Upolu and in Savai'i (Fig. 1) . Because of village rules, which are strictly enforced, pigeon hunting in some village areas is limited or banned completely. However, some villagers (n = 4) stated that even if they no longer hunted on their own lands, hunters from neighboring villages are coming and shooting on their land. None of the surveyed hunters (0%, n = 30) or consumers (0%, n = 10) believed that the Pacific pigeon population was overharvested or that hunting was impacting Manumea populations.
Supply chain
Our formal and informal interviews showed hunters were composed of two groups: (1) sport hunters, (2) commercial/subsistence hunters. Sport hunters typically were wealthier business owners who came from outside the village to hunt as a hobby and for personal consumption. The other group was typically using village land for hunting. When hunting for commercial purposes hunters often shot between 10 and 15 Pacific pigeons in a single day. Part-time commercial and/or subsistence hunters and wealthier commercial hunters from Apia often targeted bats in addition to pigeons. Two different types of traders were identified: (1) restaurants that purchase from vendors and (2) vendors who trade to non-hunting consumers. All vendors we spoke with were also hunters. However, some hunters, acting as middlemen, sold pigeons to other vendors. Vendors did not sell in the markets but instead went door-to door-visiting targeted customers. Three commercial hunters reported selling to customers who sought them out deliberately and pre-arranged pigeon orders. Some vendors also on-sold to restaurants and most had regular customers.
The pigeon meat supply chain in Samoa (Fig. 2 ) is in part regulated by a variety of networks of power and control (i.e., through local chiefs, regional and national government officials and the police through control of firearms and ammunition sales). However, the Samoan police regulates access to ammunition for firearms. To sell firearm ammunition legally, each retailer must obtain a permit from the police, which must be renewed annually. The annual license fee for retailers to sell ammunition was 200 WST prior to 2012 but has now been increased (2016) to 1000 WST/year. All retailers confirmed that buyers also needed permits from the police to purchase ammunition. In addition, it costs 20 WST to license a gun annually. However, none of the retailers reported maintaining a record of how much ammunition they sold or bought annually or had any information on species that are illegal to shoot. Changes to ammunition and gun access since 2012 have limited some wildlife hunting activity by reducing the number of bullets sold to bullet vendors and thus the amount of ammunition permitted for sale by the ammunition retailers. Indeed, a number of village hunters stated that ammunition was difficult to obtain, reducing the amount of hunting of both pigeons. Other hunters reported wealthy patrons who provide firearms and ammunition or finance the purchase of those items in exchange for supplying pigeons.
Livelihood value of hunting
On average, the value of a pigeon ranged between SAT10.00 and 15.00 each. These prices were consistently high. Pigeon hunting is therefore a profitable business given that the average household income in 2013-2014 was 685.60 WST/week (SBS 2016). Even taking account of the cost of ammunition [average cost for a box of 12-gauge shot was SAT35.00, for shotgun shells (25 per box) was SAT65 in 2016, and for a box 0.22 calibre (50 per box) was SAT35] and gun license fees (assuming the firearm used is licensed), a single day of hunting pigeons with an average of 10-15 birds shot per day will earn between SAT100 and 225 in sales. Pigeon meat costs approximately SAT27.23-35.56/kg. Pigeon was more expensive than other meat types available for purchase. Indeed, pigeon was nearly nine times more expensive than chicken, the cheapest meat available for purchase. There were no discounts to our knowledge for buying pigeons in bulk.
The consumption dataset shows that people in the wealthiest decile were the dominant consumers of pigeon (Fig. 3) , with the top 40% consuming 79.5% of all pigeons. The lowest decile (10%) consumed no pigeons (Fig. 3) . Consumption was predominantly undertaken by the wealthiest people across the country.
Discussion
A better understanding of what motivates people to hunt illegally is needed to minimize biodiversity loss from that source (Duffy et al. 2016) . Here, we demonstrate how consumption of wild birds was predominantly undertaken by those with the highest household income. Furthermore, we highlight the conservation impacts of hunting on a non-target species. 
Species targeted and drivers of consumption
Our findings indicate wild native pigeon are the only wild birds being targeted and consumed in Samoa. These findings contrast with other countries in the Pacific where seabirds [e.g., New Zealand, Lyver et al. 2015 , Nauru, Buden 2008 are targeted for consumption, as well as historical data which indicates that Pununi (Gallinula pacifica), a small Samoa rail, were also hunted in Samoa prior to population declines (Pritchard 1866) . Furthermore, we found that large numbers of wild native pigeons are hunted and consumed every year in Samoa. Our results indicate that poorer members of society infrequently consume pigeons even if they may be undertaking the hunting; instead, consumption is undertaken primarily by the wealthier individuals. Given that consumption by the elite is the primary driver of hunting activity and that even with other incomes available the profit gained from hunting is substantial, it is unlikely that alleviation of poverty in rural areas will successfully improve conservation outcomes for these species. Instead, surveys indicate that consumption by the elite is likely to occur in part because these wild meat foods are valued for their flavor, high market price and the associated status linking consumption to prestige and wealth. This is probably because these households have the discretionary income to spend on expensive food, while the poorer households buy the cheaper options, such as chicken. In Samoa, historically, pigeon meat was a high-status food hunted by high chiefs (Burley 1996) . Our survey results suggest that this link between consumption and high status has not altered. The problem of illegal wildlife consumption being driven by those in positions of high prestige and wealth is now a global issue (Corlett 2007; Zhang et al. 2008; Harrison et al. 2016; Phelps et al. 2016) . For example, in China, the main consumers driving illegal wildlife trade are young educated males with good incomes (Zhang et al. 2008) . It is critical that these drivers are considered when designing mitigation strategies and when predicting the impact of the future market. Increases in status are also occurring as the numbers of chiefly titles in Samoa, which are split in response to population increases, produce more positions of higher status. If wealth/status is a driver of consumption, it can be expected that a shift toward further increases in middle and upper classes and more people accessing greater income levels will create a higher demand for this high-status food.
Implications for management
Our research identified the pigeon meat supply chain involved in the process of pigeon trade and consumption in Samoa (Fig. 2) . We outline potential management techniques that could intercept the various points in the supply chain. Four points of intercept (action preventing hunting) were isolated by this study: (1) top-down influencers (firearm and ammunition licensing and retail), (2) harvesters, (3) intermediaries and (4) consumers (Fig. 2) .
Firearm and ammunition licensing and retail can have a top-down effect on the entire supply chain. Action could take the form of decreasing or banning the sale of ammunition suitable for hunting pigeons on the wing-i.e., shotgun pellets/bird shot. Such restrictions would have the greatest impact on illegal pigeon hunting and thereby in reducing Manumea bycatch. While pigeons can also be hunted using 0.22 calibre firearms when birds are feeding or roosting, this usually requires the hunter to sight the target bird for long enough to distinguish between the Pacific pigeon and Manumea, thereby providing an opportunity for hunters to reduce Manumea bycatch. Different types of intervention may be needed to target different types of hunters (Phelps et al. 2016) . In Samoa, hunting from villages may be reduced by using existing village community structures to restrict hunting. This restriction would only be likely to occur if villages are successfully convinced to impose the necessary bans and if they are willing to enforce them (Ostrom 2008) . However, the effectiveness of such bans may be reduced because neighboring villages may not respect the ban. Restricting hunting through village enforcement will also not be effective with the sport hunters who operate outside village systems. Instead, police enforcement and education targeted at this group may be required. An alternative option to completely banning hunting might be to have strong enforcement in core Manumea protected areas and have other safe areas where seasonal legal hunting activity could occur. This would, however, require further research to determine the spatial and seasonal drivers of Manumea movements to designate appropriate protected areas and, conversely, 'safe' areas for hunting where Manumea are unlikely to be present.
Understanding the motivations of the hunters is also important. Low-income individuals gain substantial profits for hunting pigeons, and therefore, profit could be an indirect driver for hunting activity as long as there is a market. The expected profit from pigeon hunting is likely to drive the continual hunting of pigeons as long as there are consumers. Because hunting is largely driven by the consumer chain, if profit is reduced or the likelihood of punishment in some form (village fines/criminal conviction) is increased, hunting activity is expected to decline Biggs et al. 2016 ). This provides a strong strategic reason to allocate capital towards a psychologically effective campaign reducing demand of wild meat by the elite. Alternatively, Importation of pigeons or breeding them in country is a potential management intervention which could be considered. However, care would have to be taken that this does not result in an alternative market tier opening up of wild verses domestic meat as previously seen with the bear bile market (Mills 1994) .
The international community is currently focused on cross-border trade of wild meat. This is failing to address overexploitation of wildlife within countries because hunting and consumption of wild meat is largely a local issue. It is critical that the impacts of hunting in the Pacific are highlighted and appropriate action is taken. Stronger laws, penalties and enforcement are needed for all aspects of the supply chain from hunting to consumption in addition to the appropriate campaigns. Unless there is a strong change in efforts to reduce wildlife exploitation, the region will likely lose most of its iconic species, within the next few years. Given that seed dispersers are key target species this will also have considerable ecosystem repercussions (McConkey and Drake 2006; Brodie et al. 2009 ).
Conservation implications for Manumea
Our findings show how despite not being a target species, the Manumea or tooth-billed pigeon, the last remaining species in the Didunculus genus, is killed incidentally while hunters are targeting the Pacific pigeon. The impact of being by-catch for a critically endangered species even infrequently killed is a serious additional risk/threat. Other species, such as the Saola (Pseudoryx nghetinhensis) an antelope species incidentally captured in snares targeting other wild meat for Chinese medicine, are similarity emerging as conservation problems (Corlett 2007; Schaller and Rabinowitz 2009) . Although there are few studies of terrestrial by-catch in the literature, the issues that effect by-catch species in marine environments are likely to occur in terrestrial environments. For instance, a by-catch species can be at greater risk than a targeted species (Hutchings and Reynolds 2004) because the "effort" needed to successfully hunt the by-catch species is determined by the "effort" to capture the target species. In contrast to a target species, for a by-catch species, there is no point at which the capture effort will decrease, unless the target species is no longer hunted (Hutchings and Reynolds 2004) . Therefore, if the by-catch species has a demographic which makes the harvesting unsustainable or is range-restricted, the impact of increased mortality is expected to be greater (Tuck et al. 2001 ). Although little is still known about the life cycle of the Manumea, many tropical species are slow breeders with low fecundity (Stirnemann et al. 2016) . Therefore, the extinction risk to the critically endangered Manumea from Pacific pigeon hunting needs be taken seriously. Furthermore, we highlight that by-catch impacts may be more important in terrestrial systems than originally thought. We suggest further investigations on the impact of incidental hunting on terrestrial species are needed. However, even more importantly an effective campaign to change the behavior of pigeon consumers should be a priority for Manumea conservation.
Efforts to reduce pigeon hunting will not only aid in reducing the risk of extinction for the Manumea but are also essential for retaining ecosystem health and function. Large pigeons are important large-seeded tree dispersers in forest ecosystems (Harrison et al. 2016) . The forests of Samoa are increasingly under pressure from development and are dominated by invasive plant species, with flow-on effects for the terrestrial and near shore marine environment (Ponzi et al. 2004) . For widespread change which will save forests and the important large bodied seed dispersers, it will be necessary to combine the strategies of publicity and education.
Globally elite consumption is an important driver of wildlife trade, and understanding the supply chain is critical to identifying interventions to reduce risks to species and habitats. Despite recent research showing wealthy consumers can drive the food chain (MilnerGulland and Bennett 2003; Mace et al. 2008 ) many donors continue to direct funds towards alleviating poverty and assume a link between poverty reduction and positive conservation outcomes. Though in some cases this poverty eluviation may reduce the pressure on wildlife (Vasco and Sirén 2016) . Our study shows that poverty alleviation may instead have the opposite effect for wildlife trade and forest health and that this is a dynamic that requires careful consideration. 
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